Abstract
dation coefficient α p . Regardless of the extent of kinetic limitation, vapor wall deposition 12 depresses the SOA yield from that in its absence since vapor molecules that might otherwise 13 condense on particles deposit on the walls. To accurately extrapolate chamber-derived yields 14 to atmospheric conditions, both vapor wall deposition and kinetic limitations must be taken 15 into account. 
Introduction

17
The formation of secondary organic aerosol (SOA) is represented in atmospheric models by SOA 18 yields (mass of SOA formed per mass of parent volatile organic compound (VOC) reacted), which 19 are determined in laboratory chambers. It has been established that current atmospheric models 20 using chamber-derived yields significantly underpredict ambient SOA levels (1-7). Recent work 21 has suggested that experimentally-determined SOA yields could be systematically biased low due 22 to wall deposition of organic vapors that would otherwise contribute to SOA growth (8-10). 
Methods
37
Gas-Phase VOC Oxidation
38
To evaluate theoretically the effect of vapor wall deposition in a typical chamber experiment, the tion, condensation/evaporation, and particle and vapor wall deposition in a well-mixed laboratory 53 chamber in which a VOC is being oxidized to SOA. The SOA yield is determined as the ratio 54 of the total mass of organic oxidation products condensed on both suspended and wall-deposited 55 particles to the total mass of VOC reacted (both expressed in units of µg m −3 ).
56
The aerosol size distribution is represented using fixed size bins, with specified mean diameters, 57 so that the evolution of the chamber aerosol is reflected by the time variation of the particle number 58 concentration in each bin. The aerosol general dynamic equation is expressed in terms of the 59 particle size distribution function n(D p ,t) as
where D p is the particle diameter.
61
The equation governing the change in the number distribution due to coagulation is (14, 15)
where K(D p1 , D p2 ) is the coagulation kernel (15) between particles of diameters D p1 and D p2 .
63
The change in aerosol number distribution due to particle wall deposition is expressed as
where β (D p ) is the size-dependent first-order loss rate coefficient. chamber walls but does not account for differences in wall versus particle transport timescales 75 (11).
76
The rate of vapor condensation onto a spherical aerosol particle can be expressed as (15):
where G i represents the gas-phase concentration of species i, and G eq i is the equilibrium gas-phase 78 concentration, both expressed in µg m −3 . D i is the molecular diffusivity of species i in air. The
79
Fuchs-Sutugin correction for non-continuum gas-phase diffusion is (15)
α p is the accommodation coefficient of the vapor species on the particle. yields at different initial seed particle surface areas and found α p = 0.001 based on the observed 106 aerosol growth; α p = 0.001 is used as the base value in the current simulations.
107
Calculation of G eq i is based on the saturation mass concentrations and the organic aerosol con-108 centrations in the particle phase (24, 25):
In this equation, A i is the concentration of species i in the particle phase, C 
where A V is the surface area to volume ratio of the chamber, α wall is the accommodation coefficient (11)).
142
Matsunaga and Ziemann (9) showed that vapor species can dissolve and equilibrate in the with the wall is similarly assumed to be reversible, with a rate of desorption of k wall,o f f (9):
where K w is the vapor-wall partitioning coefficient, M w is the effective molecular weight of the wall 148 material, γ w is the activity coefficient of the species in the wall layer, M p is the average molecular 149 weight of the organic species in the particle, and γ p is the activity coefficient of the species in we assume that M w = M p and γ p = γ w (11). As noted, the saturation concentration C * i is taken 
Numerical Experiments
157
The coupled vapor-aerosol dynamics-wall model is used to explore the sensitivity of SOA yield For each combination of parameters, seven different initial particle number concentrations, given 163 in Table 2 , are used in order to generate seven initial seed surface areas. The ratio of the initial seed 164 surface area to the surface area of the chamber walls, based on the Caltech laboratory chambers,
165
is also given in Table 2 
168
The parameters used in each simulation are given in Table 1 of surface area-dependent yields is not sufficient to prove the existence of vapor wall deposition.
191
The increase in C OA in both the presence and absence of wall deposition is attributable to 192 the kinetic limitations on organic vapor condensation on particles imposed by a low value of α p .
193
This limitation is illustrated by comparing the characteristic timescale for gas-particle equilibration
194
with the timescales for reaction and wall deposition (Figure 2 ). The characteristic timescale for 195 gas-particle equilibration τ g,p (i.e. the e-folding time for an aerosol to reestablish vapor-particle 196 equilibrium after a slight perturbation) is (15)
This timescale is not necessarily that for vapor and particle phases to establish equilibrium in an
198
SOA formation experiment, which depends on other factors such as the rate of reaction and the 199 volatilities of the products (27). In Figure 2 , τ g,p is calculated based on the initial size distribution,
200
but its value will change with time as n(D p ) in each size bin evolves (as discussed below). Quasi-201 equilibrium growth occurs when the net production rate of condensable vapors is slow compared to 202 the time to establish gas-particle equilibrium; in this limit, the vapor and particle phases maintain 203 equilibrium (28, 29). The magnitude of τ g,p relative to timescales for other processes in the system 204 governs the transition between kinetically-limited and quasi-equilibrium growth (28). Gas-particle 205 equilibrium is governed by the total organic mass in the system and is not dependent on the surface 206 area of the inorganic seed. In contrast, kinetically-limited condensation, when τ g,p is competitive 207 with the timescale for production of condensable vapors, depends on the aerosol surface area.
208
The reaction timescale τ rxn controls the production rate of condensable vapors. In at α p = 0.001, τ g,p becomes an order of magnitude smaller than τ rxn , and C OA achieves a plateau at 214 the highest seed surface areas. As α p increases, τ g,p decreases with respect to τ rxn and condensation
215
shifts towards quasi-equilibrium growth. This shift is evident in Figure 1 , as C OA in the absence of 216 wall deposition becomes less dependent on seed surface area as α p increases.
217
The presence of vapor wall deposition introduces an additional timescale into the system, 218 τ g,w = 1/k wall,on , the characteristic timescale of vapor wall deposition. τ g,p must be < τ rxn and 
227
Condensation that is kinetically-limited produces a narrowing of the particle size distribution, is increased, the evolution of the particle size distribution should theoretically reflect this shift.
231
However, as seed surface area is increased, coagulation will become more important and may 232 mask any broadening of the size distribution, as smaller particles are scavenged by larger particles.
233
Particle distributions shown in the pie charts to the right of Figure 1 demonstrate another effect 234 of changing the gas-particle equilibration time: decreasing τ g,p by increasing α p shifts the product 235 distribution towards earlier generation products. As τ g,p decreases, partitioning of species B to the 236 particle increases preferentially relative to conversion to C and (in the presence of wall deposition) 237 deposition to the walls.
238
for use in air quality models (AQMs) such as CMAQ (31) with models such as the two-product 240 model and the volatility basis set (VBS) (32), each of which assumes instantaneous gas-particle 241 equilibrium. As shown in Figure 1 , for α p = 0.001 in this system, condensation is kinetically 242 limited. Consequently, yields simulated starting with varying G A0 and at varying seed surface 243 areas cannot be described by a single two-product or VBS fit (Figure 3) . The points in Figure 3 244 were generated by varying both G A0 and seed surface area with (circles) and without (diamonds) C OA depends on both parameters. As surface area increases, the same final C OA is achieved with 255 decreasing G A0 , and the lower ∆VOC results in a higher yield.
256
By constrast, Figure S1 shows simulations with α p = 0.01, i.e. 10x larger. In the absence duced using the present model. Figure S2 - Figure S5 show that the behavior can be reproduced,
274
supporting the simplifications employed in the model. More discussion is given in the Supporting
275
Information.
276
Influence of reaction timescale
277
It has been observed experimentally that SOA yields are higher at faster oxidation rates, as the 
294
This analysis reveals the subtleties in comparing yields measured under different experimental 295 conditions such as different OH levels, because the effects of both kinetic condensation limita-
296
tions and vapor wall deposition will change with both the rate of oxidation and the duration of an 297 experiment.
298
Evolution of τ g,p
299
The preceding analysis has been based on an assumed initial seed aerosol size distribution: yields Table 1 and Table 2 . Different combinations of α p and presence or absence of wall deposition are shown. The pie charts at the right show the product distribution at the end of the simulation at the highest seed surface area considered for each of the six simulations. The pie charts appear top to bottom in the same top-to-bottom order as the C OA curves. 
τ rxn Figure 2 : Equilibration timescale for gas-particle partitioning as a function of the initial seed surface area for different values of the vapor-particle accommodation coefficient, α p . The equilibration timescale for gas-wall partitioning (τ g,w = 1/k wall,on ) and the timescale for reaction (τ rxn = 1/(k[OH] C→D )) are shown as horizontal lines as these timescales are independent of seed surface area. Optimal estimation based on size distribution measurements. Figure S7: Time evolution of equilibration timescale for gas-particle partitioning τ g,p for different initial seed surface areas. The equilibration timescale for gas-wall partitioning (τ g,w = 1/k wall,on ) is shown as a horizontal line because this timescale does not change with time.
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